appressorium function and pathogenicity.
Introduction 64 In the rice blast fungus Magnaporthe oryzae, the appressorium is a special Since GPCRs undergo endocytosis for receptor recycling [11] , and both of 157 MoRgs7 and MoMagA were localized to late endosomes that are the main 158 components of the endocytic pathway, we hypothesized that MoRgs7 and MoMagA 159 may also undergo actin-dependent endocytosis. To test this, we employed actin 160 polymerization inhibitor latrunculin B (LatB) to disrupt endocytosis as previously 161 described [12, 13] . At 3 h post-inoculation, MoRgs7:RFP and MoMagA:RFP signals 162 remained very strong at the plasma membrane (PM) of the germ tube, in contrast to 163 DMSO control ( Fig 1C and 1D) . Given that 4-bromobenzaldehyde 164 N-2,6-dimethylphenyl (EGA) inhibits early to late endosome transport [14] , it was 165 applied that led to an appearance of MoRgs7 and MoMagA RFP signals in 166 MoRab5:GFP-labeled early endosomes in germ tubes, in contrast to DMSO control 167 ( Fig 1E and 1F) . Without EGA treatment, MoRgs7:RFP was predominantly localized 168 to Rab7:GFP-labeled late endosomes ( Fig 1E) . These co-localizations of proteins with within 90 sec (Fig 2A and 2B) . Furthermore, we used FRAP to bleach the 181 fluorescence in endosomes in the germ tube on the hydrophilic surfaces at 3 h 182 post-inoculation. The recovery of fluorescence of MoRgs7:RFP and MoMagA:RFP in 183 the endosomes was rarely detected (Fig 2A and 2B ), suggesting that MoRgs7 and 184 MoMagA are rarely internalized through endocytosis upon the perception of the 185 hydrophilic surface. MoRgs8:GFP was found evenly distributed in the cytoplasm of germ tubes ( Fig 3A) .
214
When compared with MoRgs7:GFP ( Fig 3B) , MoRgs8:GFP did not display any 215 obvious endosome-localization patterns in the germ tubes. Further, LatB failed to 216 cause any effects to MoRgs8:GFP distribution ( Fig 3A) . In contrast, the MoRgs7:GFP 217 signal was enhanced at the PM in response to LatB ( Fig 3B) . These results revealed 218 that MoRgs8 may function differently from MoRgs7. MoRgs7 is able to interact with the hydrophobic surface 229 Since the above results showed that the hydrophobic surface, not the hydrophilic 230 surface, induces the PM localization of MoRgs7 in germ tubes during appressorium 231 development, we hypothesized that MoRgs7 is possibly involved in sensing 232 hydrophobic surfaces and the 7-TM may have a role in this process. We hypothesized 233 that MoRgs7 at the PM may attach to hydrophobic surfaces in a hydrophobic 234 interactive manner, and formation of such interactions by PM proteins including 235 MoRgs7 is a step in the perception of hydrophobic cues.
236
To test this hypothesis, we first examined whether MoRgs7 has the ability to 237 bind to hydrophobic materials by performing an affinity precipitation assay with 238 phenyl-agarose gel beads. The phenyl groups attached to the beads are highly 239 hydrophobic. The beads were then incubated with MoRgs7:GFP and the GFP protein internalization is dependent on MoMagA, we determined the rate of MoRgs7 285 internalization in the wild-type strain Guy11 and the MoMagA mutant using FRAP 286 analysis. We found that MoRgs7 internalization had a normal rate in the MoMagA as that in Guy11 ( Fig S3A and S3B ). In addition, the internalization rate of MoMagA 288 was also the same in Guy11 and the Morgs7 strain ( Fig S3C and S3D) . These results MoMagA. In Y2H, we found that MoCrn1 interacts with MoMagA and this 403 interaction was specific, since MoCrn1 was not found to interact with MoMagB and 404 MoMagC ( Fig 5E) . In addition, MoCrn1 did not interact with MoMagA G187S and 405 MoMagA Q208L (Fig 5E) , the two-active forms of MoMagA [3] . The interaction 406 between MoCrn1 and MoMagA was again confirmed by co-IP ( Fig 5F) and BiFC 407 assays ( Fig 5G) . 408 We next tested whether MoCrn1 affects the MoMagA distribution during 409 appressorium development on hydrophobic surfaces. In Guy11, we have observed that found that the recovery of fluorescence of MoMagA:RFP in endosomes was slower in 415 Mocrn1 than that in Guy11 ( Fig 6D) . These results confirmed that MoCrn1 is 416 important for MoMagA internalization during appressorium development. We further evaluated the Mocrn1 mutant for pathogenicity on rice. The 455 conidial suspensions from Guy11, Mocrn1, and the complemented strain were 456 sprayed onto the susceptible rice cultivar CO-39. Mocrn1 produced fewer lesions 457 than Guy11 and the complemented strain, which were confirmed by lesion 458 quantification ( Fig 7A) . We also performed rice sheath penetration assays by 459 observing 100 appressoria each strain and classifying invasive hyphae (IH) types as 460 previously described [13] . We observed that over 40% of Mocrn1 appressoria were 461 defective in penetration and 55.6% of appressoria that penetrated and formed less 462 extended IH. In contrast, 90% of Guy11 appressoria successfully penetrated rice cells 463 and about 50% of that produced strong IH ( Fig 7B) . comparison to 43 ± 4.9% of Mocrn1 without cAMP ( Fig 7B) . This is similar to the 495 effect of the Mocrn1 mutant that expresses the constitutively activated allele of 496 MoMagA, MoMagA G187S (S6G and S6H Fig and Fig 7A) . and Arg 30 are thought to be important for the interaction with F-actin [27, 28] . The 502 alignment showed that a majority of coronins contain a conserved basic amino acid at 503 these two positions ( Fig 8A) . In addition, the C-terminal coiled-coil (CC) domain is 504 important for coronins to interact with the actin nucleation complex Arp2/3 [29] .
505
Accordingly, we mutated His 29 to Asp 29 and deleted the CC domain of MoCrn1, and 506 fused the mutant proteins with GFP ( Fig 8B) . We found that MoCrn1 H29D and 507 MoCrn1 CC mutants had completely altered actin-like localization patterns ( Fig 8C) .
508
To further analyze the effects of these mutant alleles, we performed the co-IP assay 509 and found that MoCrn1 H29D and MoCrn1 CC mutants failed to interact with MoRgs7, 510 MoMagA, and MoCap1 ( Fig 8D, 8E and 8F) . We also expressed MoCrn1 H29D and MoCrn1 CC mutants in Mocrn1. FRAP 526 analysis showed that the expression of MoCrn1 H29D and MoCrn1 CC caused no effect 527 on delayed endocytosis of MoRgs7 and MoMagA in Mocrn1 (Fig 9) . HPLC analysis 528 revealed cAMP levels of the strain expressing MoCrn1 H29D or MoCrn1 CC comparable 529 to that of the Mocrn1 mutant ( Fig 7D) . Moreover, virulence and the degradation of 530 appressorial glycogen and lipid in the MoCrn1 H29D and MoCrn1 CC strains were also 531 indistinguishable from those of the Mocrn1 mutant ( Fig 7E, 7F and 7G) . Taken 532 together, these results suggested that MoCrn1 function is dependent on its ability to 533 interact with F-actin, MoRgs7, MoMagA, and MoCap1. We here investigate the distinct functional mechanism of 7-TM-containing 549 protein MoRgs7 beyond its RGS functions. We found that MoRgs7 has a GPCR-like the aberrant appressorium formation. We also noted that the Morgs7 mutant 567 developed defective appressoria, even though no decrease in appressorium formation 568 frequency. Based on these studies, we concluded that forming hydrophobic 569 interactions with hydrophobic surface by MoRgs7 and other membrane proteins is a 570 critical step in recognizing hydrophobic surface cues. 571 We reasoned that MoRgs7 may undergo a process similar to mammalian GPCRs. activates Gα is less clear [34] . Compared to those studies, our work revealed that 632 MoCrn1 is involved in a distinct mechanism to facilitate Gα-cAMP signaling. 
